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(54) HOLLOW MEMBERS 



(71) We, Cyclops Corporation, Uni- 
versal-Cyclops Speciality Steel Division, a cor- 
poration of the Commonwealth of Pennsylvan- 
ia, United States of America, of Pittsburgh, 

5 Pennsylvania, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 

10 lowing statement : — 

This invention relates to hollow members 
and more particularly, though not exclusively, 
to aerofoil members such as vanes and blades 
employed in gas turbines, steam turbines, tor- 

15 que converters and the like. 

Current power sources such as steam and 
gas turbines and power conversion units such 
as torque converters all have specially shaped 
parts which aid' in transforming the input 

20 energy into a mechanical output energy such as 
providing mechanical torque to a rotary shaft. 
These specially shaped parts through the years 
have been termed blades where they are rotat- 
ing members and vanes where they are station- 

25 ary. 

The shape requirements for these blades and 
vanes varies with the intended application. 
Even within a given power application, the 
shape of the various members varies. For ex- 

30 ample, many gas turbines employ several 
compressor stages, each stage potentially hav- 
ing a differing shape requirement for its blades 
and vanes. 

Many blades and vanes arc tapered to pro- 

35 vide a more streamlined shape to accomplish 
a more efficient operation. This is typical in 
an axial flow gas turbine where the portion 



of the blades and vanes exposed to the gas 
flow are called aerofoil sections and are often 
tapered to afford the greatest efficiency in 40 
transforming heat energy into mechanical 
energy. 

In addition to the shape requirements, the 
material selection is also very important since 
the weight and the chemical and physical pro- 45 
perty requirements also vary with the intended 
application. Many solid vanes and blades must 
be made of expensive metals or metal alloys 
because a comparable less expensive solid, e.g. 
steel, is just too heavy or does not possess the 50 
properties necessary for efficient operation. 

These same requirements as set out herein- 
before are also applicable to missile fins, pro- 
pellers and other similar members which are 
affected by the flow of air or other media act- 55 
ing upon their surfaces. 

To meet these various requirements, many 
manufacturing methods have been employed 
either singly or in combination incorporating 
both solid sections and solid or joined hollow 60 
sections. These manufacturing methods used 
heretofore include but are not limited to forg- 
ing, casting, cold drawing, extruding, cold roll- 
ing and machining. 

According to the present invention, there is 65 
provided a hollow member comprising at least 
two connected components which are joined 
together to merge smoothly into each other, 
each or at least two of said components having 
an enlarged recessed end portion which motes 70 
with and has a connection to an end portion 
of another or the other component, the last- 
mentioned end portion being neither enlarged 
nor recessed, said connections being positioned 
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inward of the extreme end of the enlarged re- 
cessed end portion. 

The individual components may be pro- 
cessed to produce a resultant tapered member. 

5 Internal supports may be provided where re- 
quirements so dictate. A further modification 
includes filling the hollow portion of the 
member with a filler material different from 
the base material. 

10 The invention is describe d, merely by way 
of example, with reference to the accompany- 
ing drawings, in which : — 

Figure 1 is a section through a hollow aero- 
foil member in accordance with a first embodi- 

15 ment of this invention, 

Figure 2 is an isometric view of the upper 
component of the aerofoil member of Figure 

Figure 3 is a fragmentary section through 
20 an enlarged, recessed and rounded edge for 
use with an aerofoil member as shown in 
Figure 1, 

Figure 4 is a fragmentary section, similar 
to Figure 3, but showing an enlarged, recessed 
25 and chamfered edge, 

Figure 5 is a fragmentary section, similar 
to Figure 3, but showing an enlarged, recessed 
and square edge. 

Figure 6 is an isometric view of a tapered 
30 aerofoil member, 

Figure 7 is a section through a hollow aero- 
foil member according to a further preferred 
embodiment of this invention and having an 
internal supporting rib, 
35 Figure 8 is a section of a modification, 
showing a hollow aerofoil member having an 
integral supporting rib, 

Figure 9 is a section of a further modifica- 
tion, showing an aerofoil member containing 
40 a filler in the aerofoil's hollow interior, 

Figure *10 is an isometric view of a tapered 
fin made in accordance with the invention, 

Figure 11 is a full section through the fin 
of Figure 10, 
45 Figure 12 is a section through a T-section 
hollow member, 

Figure 13 is a section through another hol- 
low member. 

Figure 14 is a section through an T-section 
50 hollow member, 

Figure 15 is a section through another hol- 
low member, 

Figure 16 is a section through still another 
hollow member, and 
55 Figure 17 is a section through a U-section 
hollow member. 

It will be appreciated by those skilled in 
the art that this invention is adaptable to var- 
ious gas and steam turbine blades and vanes, 
60 various blades for torque converters, helicopter 
rotors; missile fins, wings and aerodvnamic 
components in general, including hollow 
members adapted to support such parts. 

A typical aerofoil member 10 of this inven- 
65 tion is shown in Figure 1. Aerofoil member 



10 is hollow and comprises two connected 
components, namely, upper component 11 and 
lower component 12. Each component 11 and 
12 has an enlarged recessed end portion 13 
and 14, respect! velv. and an end portion 15 70 
and 16 which is neither enlarged nor recessed, 
respectively. The end portion 15 of upper 
component 11 is illustrated in Figure 2. The 
particular edge geometry desired can be ob- 
tained bv the various precision rolling, extru- 75 
sion, cold drawing or other forming techniques. 
In other words, the desired end portion 13 
can be formed by one of these above-identified 
methods while the portion 15 can likewise be 
formed by one of these methods which imparts 80 
a required shape to the balance of the compo- 
nent. Once rolled, the component is formed 
by well-known techniques to the desired shape 
such as the slight curvature illustrated in 
Figure 2. 85 

There are a variety of enlarged, recessed end 
portions or geometries which mav be em- 
ployed, such as those illustrated in Figures 
3 to 5, depending upon the ultimate desired 
use and requirements of the aerofoil member. 90 
HI us l rated in Figure 3 is a rounded edee con- 
figuration 17; whereas Figures 4 and 5 illus- 
trate a chamfered edge 18 and a square edge 
19, respectively. The rounded edge configu- 
ration is most often emploved where a stream- 95 
line effect is required, such as turbine blades; 
whereas the other edge configurations arc more 
applicable to structural support members. 

The components 11 and 12 are ioined by 
brazing, weld ins: or other connecting tech- 100 
niques. The joining of the two components is 
effected in such a way that the en la reed, re- 
cessed end portion of component 1 1 is ioined 
to the portion 16 of component 12 and the 
portion 15 of component 11 is ioined to the 105 
enlarged recessed end portion 14 of component 
12. This then balances the weight distribution 
of the aerofoil member 10 bv having a heavier 
section positioned at both the leading and trail- 
ing ends of the aerofoil member 10. 110 

The enlarged- recessed end portion is shaped 
so that a small recess 20 is present inward 
of the extreme end of the edge to mate with 
ihe end of the non-recessed portion of the sec- 
ond component (see Figures 1 and 2\ This 115 
then enables the components to merse smooth- 
Iv into one another and maintains the stream- 
line nature of the aerofoil member without 
placing the connection at the extreme ends 
where h would be more suscemible to dam ace. 120 

The exact connecting technique is, of course, 
dependent on the materials employed. Since 
the rolling and forming processes are adaptable 
to all wrought metals, the choice of materials 
is lame and will be dependent on the weight, 125 
physical or chemical characteristics of the par- 
ticular intended application. 

The aerofoil member according to a pre- 
ferred embodiment of this invention mav also 
be tapered as illustrated in Figure 6. To 130 
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achieve this taper, the individual upper and 
lower components 22 and 23 are blanked at 
an angle to a somewhat trapezoidal shape prior 
to connecting. For example, the blank of com- 

5 ponent 11 shown in Figure 2 could be pre- 
pared for a tapered aerofoil member 21 by 
removing by cutting or blanking the triangular 
section designated by sides AB, AC, CB or 
Triangle ABC in Figure 2. Then by doing the 

10 same for the second component and joining 
the remaining somewhat trapezoidally shaped 
blanks, xi described hereinbefore, a hollow 
tapered aerofoil member 21 is formed. Where 
the aerofoil members require forming prior to 

15 the joining, this may be accomplished either 
during or subsequent to the blanking or cutting 
operation. 

It will be noted that the portion of the 
wrought metal removed for a tapered blank 

20 is relatively small compared to the entire com- 
ponent, thereby maintaining an appreciable 
yield and efficiency advantage over tapered 
aerofoil members formed by other techniques, 
for example, forging and machining a solid 

25 blank. 

Where size, strength or material require- 
ments are such that an aerofoil member, as 
described hereinbefore, will not meet the re- 
quirements of a particular application, a mid- 
30 chord supporting rib such as that illustrated 
in Figure 7 can be inserted in the hollow por- 
tion of the aerofoil section to give additional 
support. Aerofoil member 24 is formed in the 
same way as the earlier embodiments having 

35 an upper component 26 and a lower connected 
component 27 connected in the same manner 
as the above described embodiments. A sup- 
porting rib 25 is positioned in the hollow por- 
tion of the aerofoil section between the aerofoil 

40 section ends and is secured to both the upper 
and lower components by means compatible 
with the particular material employed. 

The rib can also be made an integral part 
of the components of the aerofoil member, as 

45 illustrated in Figure 8. Aerofoil member 28 
comprises three components 29, 30 and 31. 
Component 29 has an enlarged, recessed end 
portion 32 which mates with a non-enlarged, 
non-recessed end portion 33 of component 30. 

50 In turn, a non-enlarged, non-recessed end por- 
tion 34 of component 29 mates with an en- 
larged, recessed end portion 35 of component 
30. In this case, end portion 35 actually consti- 
tutes the integral supporting rib when the aero- 

55 foil member 28 is completely formed. Compo- 
nent 31 which has two non-recessed, non-en- 
larged ends is also connected to enlarged, re- 
cessed end portion 35. The result is that an 
internally supported aerofoil member 28 is 

60 formed whereby two of three components are 
formed by connecting non-enlarged, non-re- 
cessed end portions to enlarged, recessed end 
portions and the third component which has 
only non-enlarged, non-recessed end portions 

65 is shaped to mate with the enlarged, recessed 



end portion of the component forming the 
integral supporting rib. 

The aerofoil member may also encapsulate 
a filler material different from the material 
of the aerofoil member, which filler material 70 
fills the hollow portion of the aerofoil member 
36 as shown in Figure 9. Aerofoil member 36 
comprises an upper component 37 and a lower 
component 38 which are shaped and connected 
as in the earlier described embodiments. The 75 
cavity area of the aerfoil member 36 is filled 
with a matrix of filler material 39. This filler 
material 39 may be a material of smaller den- 
sity than the wrought metal components to en- 
hance the strength without materially adding 80 
to the weight or it may be a highly heat-trans- 
mitting substance rapidly to remove heat from 
the outer components. Again, the particular 
application will dictate the choice of material 
for the filler. 85 

A plurality of components shaped and con- 
nected in the manner described hereinbefore 
can be employed to construct various hollow 
members such as missile fins. There is illus- 
trated in Figures 10 and 11 a hollow fin 40 90 
having three components 41, 42 and 43. Each 
component as in the earlier embodiments has 
an enlarged recessed end porition and a non- 
enlarged, non-recessed end portion. These 
components are blanked, as shown in the 95 
earlier described embodiments, to form a 
tapered fin (see Figure 10). Each component is 
connected so that a non-enlarged, non-recessed 
end portion of one component is mated with 
and connected to an enlarged, recessed end 100 
portion of another component, etc. However, 
in this embodiment, two of the components 
41 and 42 contain a right angle bend so that 
a fin is formed having a web a base section. 
It will be clear to those skilled in the art that 105 
a plurality of individual components as de- 
scribed above can be connected to form a vari- 
ety of these hollow members and that the hol- 
low member need not be limited to just two 
components. , hq 

In Figure 12 to Figure 17, there are shown 
sections of some hollow members which can 
be constructed in accordance with this inven- 
tion. While these various hollow members 
differ in shape and number of components, 115 
each one is constructed from components hav- 
ing an enlarged, recessed end portion and a 
non-enlarged, non-rccessed end portion. Just 
as in the earlier embodiments, these hoUow 
members can be tapered to meet particular ap- 120 
plications where strength and weight require- 
ments vary from one end of the member to 
the other. 

In Figures 12 and 15, there arc illustrated 
three component hollow members. The hollow 125 
member in Figure 12 has components num- 
bered 50, 51 and 52 and in Figure 15, the 
components are numbered 59, 60 and 61. Two 
component hollow members are illustrated in 
Figure 13, Figure 16 and Figure 17. In Figure 130 



BNSDOC1D: <GB 1276458A_L> 



4 



1,276,458 



4 



13, the components are numbered 53 and 54; 
and in Figure 16, die componcnis are num- 
bered 62 and 63; and in Figure 17, the com- 
ponents are numbered 64 and 65. A four 
5 component system is illustrated in Figure 14 
where the components are numbered 55, 56, 
57 and 58. 

It will be appreciated that the preferred em- 
bodiments of this invention, by providing a 
10 hollow member, result in a lighter product as 
compared to a similar solid product of identi- 
cal configuration and of the same metal. This 
in turn presents greater freedom in material 
selection and in substitution of materials. The 
15 said embodiments further provide for high vo- 
lume production because of the various pro- 
cesses available to make the several requisite 
components of the hollow member; they are 
readily* adapted to producing tapered hollow 
20 members; and provide a well balanced and ef- 
ficiently operating member by having a section 
of increased weight present both at the leading 
and trailing edges of an aerofoil member. Be- 
cause of this increased efficiency, either 
25 smaller or fewer members need be employed 
to achieve the same output, or in the alterna- 
tive a smaller engine may be employed to 
maintain the same output. The said embodi- 
ments provide further advantages in strength 
30 and design since the jeming of the members 
whether by welding or other means occurs in 
an area spaced inwardly from the extreme ends 
of the aerofoil members; they provide simpli- 
fied means to control the temperature, i.e., 
35 either to cool or heat the aerofoil members, 
and permit the use of wrought metals regard- 
less of their specific composition. 

A particular advantage of these embodi- 
ments is the ability to produce the required 
40 configurations in long bars or strips by various 
processes', such as precision rolling, extrusion, 
cold rolling or other methods of forming. 
These long lengths may then be cut or blanked 
to the exact length required for the particular 
45 aerofoil, thus further increasing the high pro- 
ductivity of these members. 

The said embodiments also provide a hollow 
member which may be fastened to a base 
member by various methods. It may be welded 
50 to the inner face of the base, inserted through 
a hole in the base and flanges bent and welded 
or brazed to hold it in place, or inserted 
through a hole in the base with the outer por- 
tion chamfered or flanged and having the outer 
55 portion of the hollow member similarly cham- 
fered and flanged and welded, brazed, or 
fastened in position by other means. 
WHAT WE CLAIM IS : — 
1. A hollow member comprising at least two 
60 connected components which are joined to- 



gether to merge smoothly into each other, each 
or at least two of said components having an 
enlarged recessed end portion which mates 
with and has a connection to an end portion 
of another or the other component, the last- 65 
mentioned end portion being neither enlarged 
nor recessed, said connection being positioned 
inward of the extreme end of the enlarged re- 
cessed end portion. 

2. A member as claimed in claim 1 wherein 70 
there are only two connected wrought metal 
components, each of said components having 

a said enlarged recessed end portion and a said 
last-mentioned end portion, so that the en- 
larged recessed end portion of the first compo- 75 
nent mates with and is connected to the last- 
mentioned end portion of the second compo- 
nent and the enlarged recessed end portion of 
the second component mates with and is con- 
nected to the last-mentioned end portion of the 80 
first component. 

3. A member as claimed in claim 1 or 2 
in which the member is an aerofoil member. 

4. A member as claimed in any preceding 
claim wherein each component is trapezoidally 85 
shaped to form a tapered member when said 
components are joined to form said member. 

5. A member as claimed in claim 1 wherein 
there are three components, two of said com- 
ponents having a bend to form opposed out- 90 
wardly flaring sections, said outwardly flaring 
sections being connected to the third compo- 
nent to form a base of, and the two compo- 
nents being connected to each other to form 

a web of, the said member. 95 

6. A member as claimed in claim 2 wherein 
an internal supporting rib is positioned within 
the hollow portion of the member, is in contact 
with both components and is connected there- 
to. 100 

7. A member as claimed in any preceding 
claim wherein a filler material completely fills 
the hollow portion of the member and is per- 
manentlv affixed thereto, said filler material 
being of less dense and more heat transmitting 105 
material than that of said components. 

S. A member as claimed in claim 1 wherein 
there are three components one of which is 
formed with an integral rib which has three 
recesses, one of said components having its HO 
ends connected to two of the three recesses 
of said rib. 

9. A member as claimed in any preceding 
claim wherein each of the components are 
tapered prior to being joined so that a tapered 115 
member is formed after the components are 
joined. 

10. A hollow member substantially as here- 
inbefore described with reference to and as 
shown in the accompanying drawings. 120 
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